introduction
Many continuum approaches to fracture have been developed in the last twenty years including stress concentration, stress intensity and strain energy release rate (modified Griffith) concepts. However, there has been limited use of these in the understanding of how to make materials more resistant to fracture. For this reason, one of the most promising areas is that of applying continuum mechanics and continuous dislocation distribution theory to the vicinity of the crack, in the region where the microstructural constituents control fracture nucleation and growth. Two such developments are the cracktip displacement concepts as espoused [4, 5] . The former describes the fracture process in terms of a "micro-tensile" sampIe fracturing at the crack-tip while the latter describes ductile shear fracture in terms of a hole-coalescence theory.
It is the purpose of this paper, first, to develop in a very simple way some of the current ductile-fracture concepts and then attempt to 9 1970 Chapman and Hall Ltd. test these concepts using some experimental evidence obtained fi'om crack propagation studies of a fibre-reinforced composite. A composite system was used so that the unit over which fracture took place would be unambiguous and so that the flow and fracture characteristics of the individual components could be characterised. All of these values are necessary but not readily attainable in the study of homogeneous materials. Therefore, the composite system was utilised so that various ductile-fracture criteria could be properly assessed. The experimental study includes the detection of the fracture history of stainless steel fibres in an aluminium matrix by an acoustic emission technique; metallographic analysis of fracture strains involved in fibre fracture; and stress-intensity analysis of crack-propagation characteristics.
Theoretical Background
Many contemparary fracture concepts have their roots based in the energy balance concept originally derived by Griffith [6] to explain fracture phenomena in glass. He assumed that spontaneous fracture would occur when the 283 total energy of the system was unchanged by small variations of the crack length, i.e. ~(U+ V)
where U is the change in the strain energy of the system with a flaw, V is the potential energy of creating new fracture surfaces and 2C is the major axis of an elliptical crack.** For essentially brittle materials such as glass, the energy associated with creating new surfaces is the surface tension, ~,s. Without stating the details, which have been reiterated many times elsewhere, e.g. [3, 7] , equation 1 leads to
where ~r is the applied stress and E is the tensile modulus of elasticity. 
which indicates that the actual value controlling fracture increases with p/ao. As this interpretation is based upon an extension of elastic analyses, it would seem to be quantitatively suspect when p >> ao (e.g. 104a0) which is the case for many reasonably tough materials. A second approach which may have more applicability to ductile-fracture is the crack-tip displacement concept. It has been proposed [1, 3 ] that slow crack growth advances by the fracturing of "micro-tensile" samples at the crack-tip. The length of the sample is limited by the root radius of the crack and the width is limited by those microstructural factors which limit ductility. Since the gauge length of the sample would be nearly equal to the diameter of the crack-tip, 2p, the crack-tip displacement is given by 2re = 2pc (6) where e is the strain adjacent to the crack front. This, then, leads to a failure criterion [1, 3] when the strain reaches the fracture ductility, E ~ , 2ve* = 2p~*
Taking the fracture strain to be exceeded over the dimensions of the micro-tensile sample, one can easily visualise a brittle second phase rod fracturing ahead of the main crack. Alternatively, a ductile rod at the crack-tip could be visualised to neck down considerably prior to fracture. For applied stresses up to about 60 ~ of the yield strength, ~ys, the crack-tip displacement is given by [11 ] ,/1-o-2C 2re = CrysE"
From equations 4 and 8, it is seen that G 2vc = --9
o'y s which demonstrates the relationship between crack-tip displacement and the strain energy release rate. Consider this with respect to the point of fracture. If one stretches the applicability of the Griffith approach and the crack-tip displacement approach to a single system, then combining equations 5, 7 and 9 and eliminating p gives ~s = crysE*ao.
The physical interpretation of this is that in truly brittle materials if the yield strength reaches the theoretical strength of the solid and **A complete list of symbols used in this paper appears following the Appendix. 284
